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. , $\rho_{i},$ $p_{i}$
, $(i=1)$ ,
$(i=2)$ . 1:
- $(U, 0)+(u,w_{i})=U+u_{i}$ .
,
$\nabla\cdot u_{i}=0$ ,
$\frac{\partial u_{i}}{\partial t}+((U+u_{i})\cdot\nabla)u_{i}=-\frac{1}{\rho_{i}}\nabla p_{i^{-}}g$ , $(g\equiv(0, g)$ : X\coprod , )
$\frac{\partial\zeta}{\partial t}+U\frac{\partial\zeta}{\partial x}+u_{i}\frac{\partial\zeta}{\partial x}=w_{i}$, $p_{1}=p_{2}$ (z=\mbox{\boldmath $\zeta$} ),









$(x, Z)=(Lx’, h_{2}Z’)$ , $h=h_{2}h’=h_{2}(1-B’(X))$ , $t= \frac{L}{U_{0}}t’$ , $\zeta=h_{2}\zeta’$ , $p_{2}=(\rho_{2}U_{0}^{2})p_{2}’$ ,
$u_{2}=U_{0}u_{2}’$ , $w_{2}=\beta U0^{w_{2}’}$ ,
$L$ , \beta $=h_{2}/L$
. $U_{0}=\sqrt{(1-\rho_{1}/\rho_{2})gh2}$ , $w_{2}$ –
.
( ),
$\frac{\partial u_{2}}{\partial x}+\frac{\partial w_{2}}{\partial z}=0$ , (1a)
$\frac{\partial u_{2}}{\partial t}+F\frac{\partial u_{2}}{\partial x}+u_{2^{\frac{\partial u_{2}}{\partial x}+}}w2\frac{\partial u_{2}}{\partial z}=-\frac{\partial p_{2}}{\partial x}$ , (1b)
$\beta^{2}(\frac{\partial w_{2}}{\partial t}+F\frac{\partial w_{2}}{\partial x}+u_{2}\frac{\partial w_{2}}{\partial x}+w_{2}\frac{\partial w_{2}}{\partial z}\mathrm{I}=-\frac{\partial p_{2}}{\partial z}-\frac{\rho_{2}}{\rho_{2}-\rho_{1}}$ (1c)
$.. \frac{\partial\zeta}{\partial t}+F\frac{\partial\zeta}{\partial x}+u_{2^{\frac{\partial\zeta}{\partial x}}}=w_{2}$ $(z=\zeta)$ , (1d)
$\partial h$
.
$w_{2}=-(F+u2)\overline{\partial_{X}}$ $(z=-h(x))$ . (1e)
$F$ $F\equiv U/U_{0}$ .








$\frac{\vee\cdot\prime}{\partial t}+F_{\overline{\partial_{X^{+}\overline{\partial x}}}}^{\vee}.’\vee(\eta\overline{u2})=0$, (2a)
$\frac{\partial}{\partial t}(\eta\overline{u_{2}})+F\frac{\partial}{\partial x}(\eta\overline{u2})+\frac{\partial}{\partial x}(\eta\overline{u_{2}u2})=-\eta\frac{\overline\partial p_{2}}{\partial x}$. (2b)
(2b) . (1c) , $O(\beta^{2})$
, $z$ , $P$ $p_{1}(z=\zeta)$ ,
$p_{2}= \frac{\rho_{2}}{\rho_{2}-\rho_{1}}(\zeta-Z)+P(_{X,t)},$ $\frac{\partial p_{2}}{\partial x}=\frac{\rho_{2}}{\rho_{2}-\rho_{1}}\frac{\partial\zeta}{\partial x}+\frac{\partial P}{\partial x}$.
$z$ , . (1b) ,
( $\beta$ 1 ) $z$ , $(U, 0)$





$\frac{\partial}{\partial t}(\eta\overline{u_{2}})+F\frac{\partial}{\partial x}(\eta\overline{u2})+\frac{\partial}{\partial x}(\eta\overline{u_{2^{2}}})=-\eta(\frac{\rho_{2}}{\rho_{2}-\rho_{1}}\frac{\partial\zeta}{\partial x}+\frac{\partial P}{\partial x})$.
(2a) . (2a) , , $\eta(\zeta),$ $\overline{u_{2}}$
.
$\frac{\partial\eta}{\partial t}+F\frac{\partial\eta}{\partial x}+\frac{\partial}{\partial x}(\eta\overline{u_{2}})=0$ , (3a)
$\frac{\partial\overline{u_{2}}}{\partial t}+F\frac{\partial\overline{u_{2}}}{\partial x}+\overline{u_{2}}\frac{\partial\overline{u_{2}}}{\partial x}=-\frac{\rho_{2}}{\rho_{2}-\rho_{1}}\frac{\partial\zeta}{\partial x}-\frac{\partial P}{\partial x}$ . (3b)
2.2
.
$(x, Z)=L(_{X’,Z’)},$ $t= \frac{L}{U_{0}}t’,$ $\zeta=h_{2}\zeta’,$ $p_{1}=(\rho_{2}U_{0^{2}})p_{1}’,$ $u_{1}=\beta U_{0u’}1’ w_{1}=\beta U_{0}w_{1}’$ .
,
$w_{1}$ $u_{1}$ , $\angle_{tx}\partial\partial\frac{\partial}{\partial}\angle+x+Fu_{i}\frac{\partial}{\partial}4=$
$w_{i}$ , $\frac{\partial\zeta}{\partial x}=O(h_{2}/L)=O(\beta)$
$w_{1}$ $w_{2}$ ,
, $w_{1}=O(\beta),$ $u_{1}=O(\beta)$ . –
, .
$\frac{\partial^{2}\phi}{\partial x^{2}}+\frac{\partial^{2}\phi}{\partial z^{2}}=0$, (4a)
$\beta\frac{\partial\phi}{\partial t}+\beta F\frac{\partial\phi}{\partial x}+\frac{1}{2}\beta^{2}(\frac{\partial\phi}{\partial x})^{2}+\frac{1}{2}\beta^{2}(\frac{\partial\phi}{\partial z}\mathrm{I}^{2}=-\frac{\rho_{2}}{\rho_{1}}p_{1^{-}}\frac{\rho_{2}}{\rho_{2}-\rho_{1}}\frac{1}{\beta}Z,$ (4b)
$\frac{\partial\zeta}{\partial t}+F\frac{\partial\zeta}{\partial x}+\beta\frac{\partial\phi}{\partial x}\frac{\partial\zeta}{\partial x}=\frac{\partial\phi}{\partial z}$
$(_{Z=}\beta\zeta-C^{\backslash }\backslash )$ , (4c)
$\frac{\partial\phi}{\partial z}=0$ (z\rightarrow o ). (4d)
(3b) $P$ (4b) ,
$\frac{\partial P}{\partial x}=-\frac{\rho_{1}}{\rho_{2}-\rho_{1}}\frac{\partial\zeta}{\partial x}-\frac{\rho_{1}}{\rho_{2}}\beta[(\frac{\partial}{\partial t}+p_{\frac{\partial}{\partial x})\frac{\partial\phi}{\partial x}]+\mathit{0}}z=0(\beta 2)$.
2 $\text{ ^{ }}\frac{\partial\phi}{\partial x}|_{z=0}$ ($O(1)_{-}$ ) $\zeta$ ,
$\frac{\partial^{2}\phi}{\partial x^{2}}+\frac{\partial^{2}\phi}{\partial z^{2}}=0$,
$\frac{\partial\zeta}{\partial t}+F\frac{\partial\zeta}{\partial x}=\frac{\partial\phi}{\partial z}$ ($z=0$ ), $\frac{\partial\phi}{\partial z}=0(zarrow\infty \text{ })$ ,
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. ,
$\frac{\partial\phi}{\partial x}|_{z=0}=-\frac{1}{\pi}\mathrm{P}\int^{\infty}-\infty\frac{1}{x’-x}(\frac{\partial\zeta}{\partial t}+F\frac{\partial(}{\partial x})dX’=-\mathcal{H}[\frac{\partial\zeta}{\partial t}+F\frac{\partial\zeta}{\partial x}\rfloor$ .
$\mathrm{P}$ , $\mathcal{H}$ .
$\frac{\partial P}{\partial x}=-\frac{\rho_{1}}{\rho_{2}-\rho_{1}}\frac{\partial\zeta}{\partial x}+\frac{\rho_{1}}{\rho_{2}}\beta(\frac{\partial}{\partial t}+F\frac{\partial}{\partial x})\mathcal{H}1^{\frac{\partial\zeta}{\partial t}}+F\frac{\partial\zeta}{\partial x}]$ .
(3b) , $\zeta$
$\frac{\partial(}{\partial t}+F\frac{\partial\zeta}{\partial x}+p\frac{\partial h}{\partial x}+\frac{\partial}{\partial x}[(\zeta+h)\overline{u_{2}}]=0$ ,




$\mathrm{f}\mathrm{C}\mathrm{C}$ , $\mathrm{f}\mathrm{B}\mathrm{O}$ ,
. , $\mathrm{f}\mathrm{B}\mathrm{O}$ ,
, $\mathrm{f}\mathrm{C}\mathrm{C}$ .
, $O(\epsilon^{2})$ $h=1-\epsilon^{2}B’(x)$ .
, $F=1+\epsilon\Gamma$ .
$\xi=x$ , $\tau=\epsilon t$ , $\zeta,$ $\overline{u_{2}}$ .
$\zeta=\epsilon\zeta^{(1})+\epsilon^{2()}\zeta 2+\cdots$ , $\overline{u_{2}}=\epsilon\overline{u_{2}}+(1)\epsilon\overline{u_{2}}+2\mathrm{t}2)\ldots$ .











$\mathrm{f}\mathrm{C}\mathrm{C}$ , $\rho_{1}/\rho_{2}$ $\beta$ , (5b)
$0$ .
$\frac{\partial\zeta}{\partial t}+F\frac{\partial\zeta}{\partial x}+F\frac{\partial h}{\partial x}+\frac{\partial}{\partial x}[(\zeta+h)\overline{u_{2}}]=0$, (7a)
$\frac{\partial\overline{u_{2}}}{\partial t}+F\frac{\theta\overline{u_{2}}}{\partial x}+\overline{\mathrm{t}l_{2}}\frac{\partial\overline{u_{2}}}{\partial x}+\frac{\partial\zeta}{\partial x}=0$ . (7b)
, ,
. 1), .
, , $F\leq$ $F\geq F_{+}$
, . , 2
$B_{m}$ . $\zeta$ $B(x)$
.
$F_{-}\leq F\leq$ , ,
jump , .
$B(x)$ , jump $F$ $B_{m}$ . jump






$(\xi_{k}, v_{k})$ . $(5\mathrm{a}),(5\mathrm{b})$ .
$\frac{\partial\xi_{k}}{\partial t}=C_{1}(k)\xi_{k}+T_{1}(k)+n\iota_{1}(\xi k, v_{k})$ , (8a)
$\frac{\partial v_{k}}{\partial t}=C_{1}(k)v_{k}+nl2(vk)+o_{2}(k)\frac{\partial^{2}\xi_{k}}{\partial t^{2}}+c_{3}(k)\frac{\partial\xi_{k}}{\partial t}+c_{4}(k)\xi k$. (8b)
$C_{i}(k)$ , ,
. $nl_{i}$ ,
. (8b) 2 (8a) (8b)
$\frac{\partial v_{k}}{\partial t}$ $=C_{1}(k)v_{k}+nl_{2}(v_{k})+C_{5}(k) \frac{\partial\xi_{k}}{\partial t}$
$+C_{2}(k)nl_{3}+C_{2}(k)nl_{4}( \frac{\partial v_{k}}{\partial t},\xi_{k})+C_{4}(k)\xi_{k}$ (8c)
$\frac{\partial v_{k}}{\partial t}$ . (8a), (8c) , $(\xi_{k}, v_{k})$
, . 7) .
, . ,





$\frac{1}{2}\{1+\cos[\pi\frac{k-k_{m}/16}{(15/16)km}]\}$ $( \frac{k_{m}}{16}\leq k\leq k_{m})$
5
, $\rho_{1}/\rho_{2}=0.9,$ $\beta=0.1$ .
$F_{l}\equiv(F+\overline{u_{2}})/\sqrt{\eta}$ . , $t=0$




















3: $F=1$ . : $\mathcal{K}\mathrm{C}$
, , : .
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( 4: , $\mathrm{C}\mathrm{C}$
, ), . : C
, : $\mathrm{C}\mathrm{C}$ .
.
(a) (b)
5: (a) $F=0.6,$ $(\mathrm{b})F=1.5$ . : $\mathrm{f}\mathrm{C}\mathrm{C}$ , :
.





, . $t=50$ ,
, $\zeta$ , fi .




5 , $\mathrm{f}\mathrm{i}$ 1 \searrow .
, $\mathrm{f}\mathrm{i}=1$ ,





















. : $\mathrm{f}\mathrm{C}\mathrm{C}$ ,
. : $\mathrm{f}\mathrm{B}\mathrm{O}$ .
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. 5 , $\mathrm{f}\mathrm{C}\mathrm{C}$
$F<F_{-}$ , $F>$ .
$F\pm$ , .
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